Effect of Perform-Achieve-Trade Policy on Energy Efficiency of Indian Industries:
Evidence from Fertilizer Industry
Introduction
Economic growth is imperative for developing and emerging economies like India. India, which is the seventh largest economy of the world (World Development Indicators, World Bank, updated in April 2017), is also the fastest growing economy, with an average growth rate of approximately 7% in the last two decades. Energy plays a vital role in the social and economic development of a country. In fact the Ministry of Statistics and Programme Implementation, Government of India, calls it a "strategic commodity". For a developing country like India sustained and unrestricted supply of energy is necessary to continuously move up the growth trajectory. India is the world's third largest consumer of primary energy after China and USA (BP Statistical Review, 2016) . This demand is unlikely to reduce in the coming years because of growing population, rapid urbanisation and economic growth.
India's energy basket mainly comprises of non-renewable energy resources, which includes fossil fuels like coal, oil and natural gas, is dominant (75% in 2015 as per World Bank data).
Increased consumption of energy results in environmental deterioration due to emissions associated with it. Therefore a challenge before developing countries like India is to achieve twin objectives of economic growth and environmental protection. One of the ways is to use the energy resources more efficiently.
Countries across the world have used various policy measures to reduce emissions. While the developed countries have used market based instruments such as emission trading programmes, the developing countries have largely depended on command and control mechanisms to reduce emissions. However, most of these policy measures targeted reduction in emissions and none of them focussed on increasing the efficiency in energy use. India has introduced a unique program that targets improvements in energy efficiency of its industrial sector. This program is called Perform-Achieve-Trade (PAT). This is also the first market based instrument in India to achieve environmental protection. The scheme was introduced for the industrial sector because this sector is the highest consumer of commercial energy. In 2015-16 national energy consumption was 519,286 ktoe out of which the share of the industrial sector was 56.91% (Energy Statistics, Government of India, 2017).
There are several ways to measure energy efficiency. Freeman et al. (1997) state in their paper, energy intensity is a "single, simple, easy-to-compute, summary measure of the efficiency with which energy is utilized". The United Nations Sustainable Development Goals considers energy intensity to be a proxy for energy efficiency. Energy intensity is defined as as energy supplied to the economy per unit value of economic output. The Office of Energy Efficiency and Renewable Energy, U.S. Department of Energy defines energy intensity as the amount of energy used in producing a given level of output or activity. In the Indian case, the Energy Statistics, Ministry of Statistics & Programme Implementation, Government of India defines energy intensity as the amount of energy consumed for generating one unit of Gross Domestic Product (at constant prices). The objective of this study is to access the PAT scheme and various other factors influencing the energy intensity of one of the highly energy intensive industries, viz., Fertilizer Industry.
The Government of India has taken numerous steps to promote energy efficiency in India.
The Energy Conservation Act was passed in 2001. In order to implement various regulations of the Act, the Bureau of Energy Efficiency (BEE) was created in 2002, with an objective to reduce the energy intensity of the economy. In June 2008 the National Action Plan for Climate Change (NAPCC) was launched with eight National Missions that aimed at achieving key goals with respect to climate change. One of the missions of NAPCC is National Mission for Enhanced Energy Efficiency (NMEEE) and its objective is promoting energy efficiency through policies, financing mechanisms and business models. One of the important missions of NMEEE, which pertains to the industrial sector, is the PAT scheme.
Under PAT scheme, certain firms are identified and given individual targets for reduction in energy intensity. Those firms that over-meet their targets are given energy saving certificates, which can be traded in the market.
Perform-Achieve-Trade
PAT is the first tradable permit scheme implemented in India targets, defined as the ratio of net energy input into the DCs boundary to total output exported from the DCs boundary, were set for each DC such that sum of the targets for all DCs within an industry equals the industry's target. Therefore SEC is similar to energy intensity. BEE defines SEC in the target year as the percentage reduction in SEC from the baseline year, where SEC in the baseline year is the average of SEC figures in the years 2007-08, 2008-09 and 2009-10 . At the end of the target period if the efficiency gains achieved by the designated consumer surpassed its target then it would be issued energy saving certificates or ESCerts. 1
ESCert equals 1 toe worth of energy consumption. The non-complying designated consumers would have to buy the ESCerts to meet their energy saving targets. These certificates can be traded in the Indian Energy Exchange and Power Exchange of India.
The objective of this paper is to quantify the PAT effect and to assess the impact of the PAT scheme on the energy intensity of one of the BEE identified industries viz. Fertilizer Industry. This paper will attempt to see if energy intensity of the designated consumers is any different in the years PAT was announced and implemented as compared with the other years. We use firm level panel data over the years 2004-05 to 2014-15. We use difference-in-differences approach in a fixed effects model to identify the effect of the PAT scheme on the designated consumers. We also examine other factors affecting energy intensity of firms from these industries. Finally we assess if a market exists for ESCerts for trade to take place.
In the literature a number of studies have been undertaken to assess the factors influencing energy intensity at an international level. Pao et al (2011) estimate the effect of energy consumption, GDP and FDI on CO 2 emissions in BRIC countries and test for Granger Causality between these variables for the period 1980 -2007 . Erdem (2012 explains the relationship between FDI and technology determined energy efficiency using a fixed effects model for 13 EU countries. Both papers find that foreign technology plays a positive role in reducing emissions in the recipient country. He et al (2012) use a multivariate VAR model to test for granger causality between energy consumption, economic growth and FDI in (Goldar, 2010; Sahu and Narayanan, 2011) . In general, large sized firms were found to be less energy intensive than small sized firms. Older firms were less energy efficient than the new ones. Use of better imported technology by a firm helped in improving its energy efficiency. Also significant amount of energy efficiency spillover was found from foreign to domestic firms.
The papers on India look at the industrial sector as an aggregate and do not segregate them into different industrial groups. To the best of our knowledge none of the papers estimate the effect of the PAT scheme on the identified industries.
PAT and the Indian Fertilizer Industry
BEE has identified 29 designated consumers from the fertilizer sector (PAT, Ministry of Power, Government of India, 2012). These plants have been identified from 17 fertilizer firms, i.e., one or more plants from a set of 17 firms are identified as a designated consumer.
All these 29 units are producers of ammonia and urea. For calculation of specific energy consumption, BEE has defined "Product" for each industry that it has identified. For the fertilizer industry "product" is defined as Urea (in tonnes) since it is the main fertilizer produced indigenously (PAT Consultation Document, 2011) . The range of specific energy consumption for this industry is 5.86 to 9.11Gcal/T of Urea. The minimum annual energy consumption by the designated consumers in this sector is 30000 toe. BEE aims to achieve The rise in energy intensity is less rapid due to advances in process technology and catalysts, better stream sizes of urea plants and increased capacity utilisation. Capacity utilisation is important because losses and waste heat are about the same magnitude irrespective of production in the plant at a point in time (Schumacher et al 1999) . The relatively new fertilizer plants use state-of-the-art technology and are more energy efficient than the older plants. The government has also taken steps to facilitate research and development activities. 
Econometric Methodology, Data and Variables
In the PAT scheme, designated consumers are defined to be plants that have been assigned energy intensity reduction targets. But plant level data is not available. Therefore we use firm level data as a proxy variable. In our study, designated consumer is defined to be a fertilizer Difference-in-differences methodology is used to evaluate the impact of the PAT scheme on the energy intensity of the fertilizer firms. Designated consumers are the treatment group since they have been identified by BEE for the implementation of PAT scheme. Nondesignated consumers are all the other remaining firms in the fertilizer industry who have not been identified by BEE and hence they are the control group. We also control for other variables and various firm and year specific effects that might influence the dependent variable, energy intensity. We estimate the following fixed effects model: and change in stock of finished goods (Rs. million). This definition is used in a number of India centric papers. Dasgupta et al. (2012) and Dasgupta and Roy (2017) define energy intensity as the ratio of fuel expenditure to value of output (both in constant prices). Sahu and Narayanan (2011) construct the energy intensity indicator as the ratio of power and fuel expenditure to net sales. According to Dasgupta and Roy (2017) "energy intensity defined this way has the advantage that it can be used for any aggregate industry group producing a range of outputs".
Our primary independent variable of interest is the interaction between PATyear and PATfirm i.e., (PATyear*PATfirm). PATyear is a year dummy included to capture the effect of BEE's PAT scheme on the industry. PATyear takes value 1 for years PAT scheme was implemented,
i.e., 2012-13 to 2014-15 and takes value 0 for the other years i.e., 2004-05 to 2011-12. We define dummy variable PATfirm to take value 1 if the firm is a designated consumer and take value 0 if the firm is a non-designated consumer. The interaction term estimates the energy intensity of the designated consumers in the years 2012-13 to 2014-15 when PAT scheme was implemented. The coefficient of the interaction term, is the difference-in-differences estimator or the average treatment effect. A negative value for implies that the actual energy intensity of the designated consumers is lower than the energy intensity that would have been with parallel trends had there been no government intervention through the PAT scheme.
The key assumption in the difference-in-differences methodology is the Parallel Trends assumption. The assumption requires the energy intensity of the treatment and control groups to follow the same time trend in the pre-treatment period. But this assumption is difficult to verify through a formal test. Therefore we estimate a model with leads to analyse pretreatment trends.
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where there are m leads (leading to the policy). is the coefficient of the j th lead. A formal test of the difference-in-differences assumption is i.e. coefficients of all leads should be equal to 0. Leads very close to 0 would imply no evidence of anticipatory effects, which means the difference-in-differences estimator is not significantly different between the treatment and control groups in the pre-treatment period. This supports the parallel trends assumption. Autor (2003) includes both leads and lags in a difference-in-differences model to analyse the effect of increased employment protection on the firm's use of temporary help workers. are a set of firm level characteristics that will influence energy intensity of the firms. We use the following control variables to take care of any omitted variable bias.
Change in gross fixed assets as a proportion of total production (Technology i,t ) -Gross fixed assets includes fixed assets like land, buildings, plant & machinery, etc. Change in gross fixed assets between periods t and t-1 as a proportion of total production will indicate whether share of fixed assets in total production is rising. This can be taken as a substitute for technology because a higher share of fixed assets indicates greater capitalisation of the production process.
Research & Development intensity (RD i,t-1 ) -This is defined as the ratio of R&D expenditure (Rs. million) to Total Production (Rs. million). We lag the variable by one period because R&D expenditure undertaken in period t is expected to influence energy intensity only after a lag. In the Indian case Goldar (2010) finds that R&D helps to improve energy intensity of all the firms, but it does not make a statistically significant contribution in case of energy Power, Government of India's Perform-Achieve-Trade document published in July 2012 is used to identify the names of designated consumers of both the industries. The dummy variable PAT firm is created using the names from the document. This paper will also assess if there exists a market for ESCerts. The objective of the PAT scheme is to induce efficient use of energy in Indian industries through trade in ESCerts.
Since this market based instrument has to be traded, there have to be firms that can sell ESCerts and firms that will buy ESCerts. BEE defines specific energy consumption in the [ ] Using the value of x, we reduce EI Base in our sample to estimate the target that the firms are expected to achieve by the end of PAT Cycle I in 2014-15. This is the EI Target to be achieved :
( ) Trade will exist if there are firms who meet the target and some firms who are unable to meet targets and will need to buy ESCerts to continue production, i.e., there has to be a gap between the energy intensity that had to be achieved by the year 2014-15 as per the PAT scheme and the energy intensity actually achieved. The potential demand for ESCerts is defined as:
A positive value for Potential Demand for ESCerts implies that the firm has surpassed its target and will be a seller of ESCerts, while a negative value implies that the firm has been unable to meet its target and will have to buy ESCerts.
Empirical Analysis
The objective of this section is to analyse the effect of the PAT scheme on the fertilizer industry. Table I gives the summary statistics of the dataset. We do a two group mean comparison test to test the null hypothesis that average energy intensity of non-designated consumers is greater than or equal to average energy intensity of designated consumers against the alternative hypothesis that average energy intensity of nondesignated consumers is less than the average energy intensity of designated consumers. The null hypothesis is rejected at 5% level of significance. Therefore average energy intensity of the designated consumers is greater than that of non-designated consumers for the sample.
A similar two group mean comparison test is done for the other variables. We find that average size of the designated consumers is significantly larger than the non-designated consumers. Designated consumers also have higher import intensity than the non-designated consumers. However there is no significant difference between the two groups with respect to the average change in gross fixed assets as a proportion of total production, average R&D expenditure intensity and average outsourcing intensity. But designated consumers have higher capital intensity than non-designated consumers. (Table III below Therefore the Working Group recommended setting up of a fertilizer research institute to carry out R&D activities related to the same. This is especially true for phosphate and potash based fertilizers where almost the entire raw material requirement has to be imported. The working group suggested that the Department of Fertilizers can look into production of 2. In a linear model elasticity is calculated as follows [Gujarati (2004) ]:
which implies
( )
The elasticity is calculated at the mean values of & .
potash from gluconite, recovery of potash from sea water and use of indigenous rock phosphate. In fact RD i,t-1 has a significantly negative relation with energy intensity. A 1% increase in R&D expenditure intensity in period t-1 reduces energy intensity by 0.015%.
Size i,t has a positive but statistically insignificant effect on energy intensity. In Model 3, we test if the relationship between size of the firm, Size i,t , and energy intensity depends on whether the firm is a designated consumer or non-designated consumer. There is a positive and statistically significant relationship between energy intensity and Size i,t. A rise in Size i,t increases energy intensity of designated consumers. While for the non-designated consumers, there is a negative and significant relationship between Size i,t and energy intensity. This could be because out of the 50 non-designated consumers in our sample, 72% of them are small and medium sized firms and 28% are large sized firms. Therefore the advantages from economies of large scale production can be obtained by the non-designated consumers.
Fertilizer industry has both private sector firms and public sector firms and co-operatives. We include an interaction term (Owner)*(Size i,t ) to see if the effect of size on energy intensity varies with ownership of the firm. We find that a rise in the firm size significantly reduces energy intensity if the firm is privately owned. But the effect of firm size on energy intensity is insignificant in case of public sector firms and co-operatives.
Imp i,t has a negative but insignificant effect on energy intensity. In case of the fertilizer industry the share of imports is quite high, but imports are mainly in the form of raw materials required for the production of urea, phosphate and potash. For example natural gas and LNG used for the production of Urea is imported. Therefore the possibility of technological spillovers is limited.
Finally Outsource i,t has a negative but statistically insignificant effect on energy intensity.
The result is similar to Soni et al (2017) . But unlike Soni et al (2017) who find that outsourcing intensity is more significant for firms that are less energy intensive, we find that with respect to the effect of outsourcing on energy intensity, there is no significant difference between designated and non-designated consumers (Table II Model 4) .
In the next model we estimate the effect of other factors on the energy intensity of fertilizer firms. We also introduce a dummy variable to capture the effect of the New Pricing Scheme on the energy intensity of fertilizer firms. NPS was implemented in three stages. NPS-I (April In Model 5, we do not include the PAT scheme and estimate the effect of other factors. The dummy variable NPS-III is insignificant and does not have an effect on energy intensity. The signs of the other variables remain the same as in Model 2.
In Model 6, we include the interaction term to capture the PAT scheme to differentiate between the two policies because both of them influence energy intensity -PAT scheme does it directly, while NPS does it indirectly by setting pre-set energy consumption norms for the urea plants. The coefficient of the interaction term (PATyear)*(PATfirm) is negative and statistically significant at 10% level of significance. The coefficient of the dummy variable NPS-III is insignificant. This implies that out of the two policies, only PAT scheme has helped in reducing the energy intensity of designated consumers in the fertilize industry. The other explanatory variables have the same signs as before.
In Model 7 (Appendix Table A1 ) we include leads of the interaction term in order to test for the parallel trends assumption. The coefficients of [(PATyear)(PATfirm) ] t+j leads are close to zero and insignificant. The year PAT is implemented the coefficient of the interaction term drops by 0.0335 points and becomes significant. Therefore the parallel trends assumption holds.
Market for ESCerts
In this section we examine if a market exists for ESCerts in the fertilizer industry. Appendix Table A2 gives the energy intensity in the baseline year, the percentage reduction in energy intensity from the baseline year to be achieved in the target year and the target that the firms are expected to achieve by the end of PAT Cycle I. We then estimate the potential demand for ESCerts. A positive value implies that the firm has surpassed its target and will be a potential seller of ESCerts, while a negative value implies that the firm has been unable to meet its target and will have to buy ESCerts (Appendix Table A3 ).
We find that for National Fertilizers Ltd., Indian Farmers Fertiliser Co-Op. Ltd., Rashtriya Table A3 ) and so they will demand ESCerts. This gap is maximum for National Fertilizers Ltd., followed by Brahmaputra Valley Fertilizers Corporation Ltd (Figure 3 
below).
Source: Own Calculations Baseline EI EI to be achieved in 2014 -15 Actual EI in 2014 In the case of National Fertilizers Ltd., three of the five plants identified by BEE, had baseline energy intensities that were very close to the range of specific energy consumption specified for the designated consumers (range is 5.86 to 9.11 Gcal/T of Urea and for the plants in Nangal, Bhatinda and Panipat specific energy consumption is 7.04, 7.14 and 7.58
Gcal/MT Urea respectively) (PAT Fertilizer Sector, 2015) . Therefore the fall in energy intensity is not likely to be immediate. The difference is second highest in case of Brahmaputra Valley Fertilizers Corporation Ltd. BVFCL has two plants (Namrup-II and Namrup-III) that have been identified by BEE. But the energy consumption is very high at 16.89 and 11.54 Gcal/T Urea respectively. Moreover they have utilised just 70% of their total capacity due to inherent technological and location problems (PAT Fertilizer Sector, 2015) .
Hence the target has not been met.
Another feature of the potential buyers of ESCerts is that their energy intensity continues to rise even in the implementation period. In Figure 4 below we compare the energy intensity of the buyer firms with the average energy intensity of all the designated consumers. 
Source: Own Calculations

Conclusion
Energy A more formal econometric analysis using the difference-in-differences approach shows that the average energy intensity of designated consumers is lower in the implementation phase.
This is important because the policy was targeted to reduce energy intensity of the treatment group and it has been successful in doing so. Most of the other explanatory variables have expected signs.
Therefore the results suggest that PAT has worked for the fertilizer industry. Capacity utilisation has remained above 100%. But more can be done to reduce energy intensity further, since this industry is extremely critical due to its direct influence on the agricultural sector. The government can explore possible joint ventures with companies outside India.
This will bring in more technological expertise in the country. More of the non-gas urea plants can be converted into gas based plants as it is both energy efficient and cheap. To fulfil the growing domestic demand for Urea, new plants can be based on natural gas as feedstock.
Finally we find that a market exists for ESCerts as there are set of firms who have positive estimated energy savings and those who have negative estimated energy savings. The former set of firms will receive ESCerts and can be potential suppliers and the latter set of firms will have to buy ESCerts to continue production and will be potential buyers of ESCerts. The intersection of demand and supply will determine the equilibrium price of ESCerts. 
